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A vehicle trim panel as- 
sembly includes a trim panel of 
electrically non-conductive ma- 
terial that has an interior and 
an exterior surface. The ex- 
terior surface includes decora- 
tive trim mounted on it such 
as vinyl, leather, or cloth, for 
example, which makes that ex- 
posed surface visually appeal- 
ing. An electrical circuit is de- 
posited upon and adhered to the 
interior surface using a thermal 
spray process. The trim panel 
further includes recessed cavities 
proximate to the electrical cir- 
cuit. Electrical connectors are 
fixedly secured in the recessed 
cavities so as to achieve an elec- 
trical connection with the elec- 
trical circuit. In this way, any 
number of first or second elec- 
trical connectors may be created. 
Electrical components then may 




be attached to the first and second connectors. A vehicle wire harness is attached to the first connector while components such as a window 
regulator and rear view mirror control are attached to any number of second connectors. 
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TRIM PANEL HAVING ELECTRICAL CONNECTORS 
BACKGROUND OF THE INVENTION 

The subject invention relates to a vehicle trim panel assembly having an 
integrally molded electrical circuit and separately connectable electrical connectors. 

5 Vehicles have trim panels mounted to interior surfaces of the body to present 

a pleasing appearance. As an example, door trim panels are mounted to the interior 
surface of a door assembly. Typically, vehicle door assemblies include spaced apart 
inner and outer panels defining a cavity for mounting a window, window regulator, 
speakers and other mechanical and electrical devices. These devices are installed 

10 inside the door cavity through a plurality of access openings provided in the door 
inner panel. 

A door trim panel conceals this interior surface of the door, and is 
conventionally formed of a rigid panel, such as molded plastic or pressed hardboard. 
The exterior of the trim panel, which faces the vehicle occupant, is covered with a 

15 flexible decorative trim material such as cloth, vinyl, leather and/or carpeting, 
thereby creating a pleasing appearance to the occupant. The door trim panel is 
secured to the door by suitable fasteners. 

The door trim panel also often supports a number of electrical components. 
The components include lights, window controls, rear view mirror controls, door 

20 lock controls, seat adjustment controls, and speakers. Each of these electrical 
components requires an individual wiring connector power supply lead wires and 
perhaps control wires. The wires are typically bundled together to create what is 
commonly called a wire harness. The wire harness is fixed to the trim panel or to 
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the door to hold the wire harness. The wire harness is connected to a main wire 
harness that enters the door cavity near the hinged end of the door. As can be 
appreciated, the mounting and wiring of these electrical components is labor 
intensive and requires a number of connectors and other electrical parts. 

5 Solutions to this problem have been contemplated by the prior art. 

Specifically, it has been proposed that the wires be mounted, molded, etched, 
printed, or otherwise affixed to a separate rigid board material. The rigid board is 
in turn mounted to either the trim panel or the door or both. Hence, in these 
proposals, the door assembly includes the door itself, a rigid board, and the trim 

10 panel. These proposals, however, have a number of deficiencies. One deficiency 
is the same as with the loose bundle of wires, that is, a significant amount of 
intensive manual labor is required to mount the wires to the board, mount the 
connectors to the board, and then mount the board itself to either the trim panel or 
the door. Further, additional connectors must be mounted on the board to 

15 electrically connect the connectors from the door to the connectors on the trim 
panel. 

Copending application serial number 09/053,395 entitled "Trim Panel with 
Integrally Formed Electrical Circuits" and filed April 1, 1998, and serial number 
09/085,986 entitled "Trim Panel Having Grooves with Integrally Formed Electrical 
20 Circuits" and filed May 27, 1998, disclose methods of forming the circuits on the 
trim panel. There has now been developed improved methods for forming 
connectors in these earlier applications. 
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SUMMARY OF THE INVENTION 

The present invention provides a vehicle trim panel assembly that includes 
a trim panel of electrically non-conductive material that has an interior and an 
exterior surface. The exterior surface includes decorative trim mounted on it such 

5 as vinyl, leather, or cloth, for example, which makes that exposed surface visually 
appealing. An electrical circuit is deposited upon and adhered to the interior surface 
using a thermal spray process. The trim panel further includes recessed cavities 
proximate to the electrical circuit. Electrical connectors are fixedly secured in the 
recessed cavities so as to achieve an electrical connection with the electrical circuit. 

10 In this way, any number of first or second electrical connectors may be created. 
Electrical components then may be attached to the first and second connectors. A 
vehicle wire harness is attached to the first connector while components such as a 
window regulator and rear view mirror control are attached to any number of 
second connectors. ^ 

15 The invention thus provides a vehicle trim panel having an integrally molded 

electrical circuit for interconnecting any number of electrical devices and a electrical 
connector for transferring electrical current from the circuit to an electrical 
component. The trim panel of the subject invention can be efficiently manufactured 
and simply requires the user to press fit the electrical connector into the panel itself. 

20 In other words, all of the parts necessary to electrically connect an electrically 
operated component to an electrical supply are included within the trim panel itself. 
These parts include the connectors and the electrical circuit that is integrally molded 
into the trim panel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention will be readily appreciated as the 
same becomes better understood by reference to the following detailed description 
when considered in connection with the accompanying drawings wherein: 

Figure 1 is a perspective view of a trim panel assembly in spaced 
relationship to a vehicle door assembly; 

Figure 2 is an exploded perspective view from area 2 of Figure 1 ; 

Figure 3A is a partial cross-sectional view of an electrical connector; 

Figure 3B is a view of one feature of the Figure 3 A connector; 

Figure 4 is a partial cross-sectional view of a second embodiment of an 
electrical connector; 

Figure 5 is a partial cross-sectional view of the electrical connector in spaced 
relationship from the trim panel; 

Figure 6 is a cross-sectional view of a third embodiment of an electrical 
connector; 

Figure 7 is a partial cross-sectional view of a fourth embodiment of an 
electrical connector wherein the connector is ultrasonically welded to a trace; and 

Figure 8 is a partial cross-sectional view of a fifth embodiment of an 
electrical connector in spaced relationship from the trim panel in which the 
connector is being spin welded to a trace. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Vehicle trim panel assembly 10 as shown in Figure 1 includes trim panel 12 
constructed of electrically non-conductive material having an exterior surface 14 and 
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an interior surface 16. Trim panel 12 is shown as an automotive door trim panel 
which mounts to a vehicle door assembly, generally shown at 18. However, the 
trim panel of the subject invention may be any type of trim panel associated with 
a vehicle without deviating from the scope of the subject invention. Other types of 
5 trim panels include trunk panels, quarter panels, rear package trays, headliners, 
instrument panels, garnish moldings, console panels, etc. 

The vehicle door assembly 18 includes spaced apart inner 20 and outer 22 
metal panels defining a cavity 24 for receiving a window, window regulator, 
speakers, and other electrical devices (not shown). A plurality of access openings 
10 26 are provided in the inner panel 20 to allow access into the cavity 24 of the door 
assembly 18. The door trim panel 12 is utilized to conceal this interior surface 20 
of the vehicle door 18. 

Door trim panel 12 is preferably formed of a molded plastic such as 
polypropylene. As appreciated by those skilled in the art, the trim panel 12 may 
15 alternatively be fabricated of wood fibers, polyurethane, solid molded vinyl, 
expanded polyurethane foam, any combination thereof or any other suitable rigid 
electrically non-conductive material. The exterior surface 14 of the trim panel 12 
may include a decorative surface. Specifically, the trim panel 12 may be covered 
with a flexible decorative trim material such as cloth, vinyl, leather, and/or 
20 carpeting. The trim panel 12 is attached to the vehicle door 18 by suitable fasteners 
as are well known in the art. 

The interior surface 16 of the trim panel 12 includes a first electrical 
connector 30 and a second electrical connector 40, as best shown in Figure 2. 
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Returning to Figure 1, the first electrical connector 30 is adapted to receive the wire 
harness 32 extending into the cavity 24 near the hinged end of the door. As shown 
in the preferred embodiment there are a number of second electrical connectors 40. 
The interior surface of the trim panel also supports a number of electrical 
components. These components can include window controls 42, rear view mirror 
controls 44, door lock controls 46, speakers 48, etc. Each of these electrical 
components 42,44,46,48 has an associated set of second electrical connectors 40. 

An electrical circuit, generally shown at 50, is integrally deposited on and 
adhered to the interior surface 16 of the trim panel 12 for electrically connecting the 
first electrical connector 30 to the plurality of second electrical connectors 40. The 
method of depositing the electrical circuit 50 may be accomplished by flame 
spraying molten metal particles or any other suitable means as disclosed in 
copending applications serial number 09/053,395 entitled "Trim Panel with 
Integrally Formed Electrical Circuits" and filed April 1, 1998, and serial number 
09/085,986 entitled "Trim Panel Having Grooves with Integrally Formed Electrical 
Circuits" and filed May 27, 1998, which are herein incorporated by reference. The 
electrical circuit 50 formed within the trim panel 12 comprises a plurality of spaced 
apart circuit traces 52 or strips of conductive material. 

As appreciated by those skilled in the art, most electrical components require 
at least two input supply wires, i.e., a ground wire and an input wire carrying an 
electrical current. Further, if the electrical component is a switch, there will be at 
least one output wire also carrying an electrical current. Hence, the number of 
traces 52 formed in the electrical circuit 50 will depend on the number and type of 
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electrical components used. Each individual trace 52 can vary in width and 
thickness to accommodate varied gauges and to customize resistivity. 

As discussed above, the trim panel 12 is mounted to the inner panel 20 of 
the vehicle door assembly 18. To prevent a short circuit the electrical circuit 50 of 
5 the trim panel 12 is preferably spaced some distance from the door assembly 18. 
Further, an insulative coating (not shown) or similar material may be applied over 
the electrical circuit 50 to create a protective moisture barrier between the door 
assembly 18 and the trim panel 12. 

Referring to Figures 3 A through 8, the electrical connectors 40 of the subject 
10 invention are shown in greater detail. At least one recessed cavity 54, best seen in 
Figure 5, is disposed within the interior surface 16 of the trim panel 12. The trace 
52 is proximate to the recessed cavity 54. An electrical connector 40 is received 
and fixedly secured within the recessed cavity 54 and is in contact with the trace 52 
thereby providing electrical conductivity between the trace 52 and the electrical 
15 connector 40. 

As shown in Figure 3B, preferably, the trace 52 extends at least partially, 
and most preferably entirely around the recessed cavity 54 to better achieve an 
electrical connection. 

Various configurations of the electrical connector may be used and different 
20 methods of installation may be incorporated to a attain a secure attachment to the 
trim panel and an adequate electrical connection with the trace. The embodiment 
of the electrical connector 40A, 40B, shown in Figures 3A and 4, includes a flange 
60 and a shank 62. The flange 60 engages the circuit traces 52. Additionally, teeth 
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64 may project from the flange 60 for piercing the circuit traces 52 and further 
enhancing the electrical connection. Preferably, the flange 60 and the teeth 4 64 are 
welded to the circuit trace. Also it may be preferable that the electrical connector 
40 is entirely formed of an electrically conductive material so that any portion of the 
5 electrical connector 40 that contacts the trace 52 is able to conduct electricity. The 
shank 62 extends within the cavity 54 to fixedly secure the electrical connector 40 
to the trim panel 12. The shank 62 may further incorporate barbs 66 that project 
outwardly from the shank 62 to assist in retaining the shank 62 within the cavity 54. 
Either a male or female connector may be used. Referring specifically to 
10 Figures 3 A and 5, a bore 70 extends through the shank 62 thereby forming a female 
connector 40A. The female connector is adapted to coact with a portion of an 
electrical component that is complementary in configuration to the bore 70. That 
is, the female connector is intended to engage a male connector 74 from an 
electrical component 44 so that the electrical component 44 is in electrical 
15 communication with the electrical connector 40. 

Referring specifically to Figure 4, a projecting finger 72 extends outwardly 
from the flange 60 opposite the shank 62 thereby forming a male connector. The 
male connector 40B is adapted to coact with a portion of an electrical component 
that is complementary in configuration to the finger 72. That is the male connector 
20 is intended to engage a female connector 76 from an electrical component 44,so that 
the electrical component 44 is in electrical communication with the electrical 
connector 40. 

In yet another embodiment, an electrical connector 40C is riveted to the trim 
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panel 12 at the recessed cavity 54, as shown in Figure 6. As with the previous 
embodiments, the flange 60 engages the trace 52, hence making electrical contact 
with the trace 52. An annular lip 80 opposite the flange 60 and adjacent to the 
exterior surface 14 is deformed thereby compressing the trim panel 12 and securely 

5 attaching the connector 40 thereto. 

Figures 7 and 8 depict embodiments in which the electrical connector 40 is 
welded, in some fashion, to the trace 52. An electrical connector 40 having a shank 
62 that includes a tapered annular ring 90 is shown seated in cavity 54 in Figure 7. 
The electrical connector 40 is ultrasonically welded to the trace 52. Alternatively, 

10 as shown in Figure 8, the electrical connector 40 can be inserted into the cavity 54 
and spin welded thereby achieving an electrical connection between the flange 60 
and the trace 52. Additionally, as a result of the heat generated within the cavity 
54 during spin welding, the shank 62 is securely retained therein. 

The invention has been described in an illustrative manner, and it is to be 

15 understood that the terminology which has been used is intended to be in the nature 
of words of description rather than of limitation. Obviously, many modifications 
and variations of the present invention are possible in light of the above teachings. 
It is, therefore, to be understood that within the scope of the appended claims the 
invention may be practiced otherwise than as specifically described. 

20 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A vehicle trim panel assembly comprising: 

a trim panel of electrically non-conductive material having an interior 
surface; 

said interior surface including a first electrical connector and a second 
electrical connector; 

an electrical circuit integrally deposited upon and adhered to said interior 
surface of said trim panel; 

at least one recessed cavity disposed within said interior surface of said trim 
panel and proximate to said electrical circuit; and 

at least one of said first and second electrical connectors received and fixedly 
secured within said recessed cavity and in contact with said electrical circuit thereby 
providing electrical conductivity between said electrical circuit and said electrical 
connector. 

2. The assembly as set forth in claim 1 wherein said electrical circuit 
comprises a plurality of spaced apart circuit traces integrally formed within said trim 
panel. 

3. The assembly as set forth in claim 1 wherein said electrical circuit at 
least partially surrounds said recessed cavity. 

4. The assembly as set forth in claim 2 wherein said electrical connector 
includes a flange portion and a shank portion wherein said flange portion engages 
said circuit traces and said shank portion extends within said cavity to fixedly secure 
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said electrical connector to said trim panel. 

5. The assembly as set forth in claim 4 further including teeth projecting 
from said flange for engaging said circuit traces. 

6. The assembly as set forth in claim 5 wherein said flange and said teeth 
5 are welded to said circuit trace. 

7. The assembly as set forth in claim 5 further including barbs projecting 
outwardly from said shank to assist in retaining said shank within said cavity. 

8. The assembly as set forth in claim 4 wherein said electrical connector is 

a rivet. 

10 9. The assembly as set forth in claim 4 wherein said electrical connector is 

ultrasonically welded to said circuit trace. 

10. The assembly as set forth in claim 4 wherein said electrical connector 
is spin welded to said circuit trace. 

1 1 . The assembly as set forth in claim 4 wherein said electrical connector 
15 is entirely formed of an electrically conductive material. 

12. The assembly as set forth in claim 4 further including a bore extending 
through said shank wherein a portion of an electrical component is complementary 
in configuration to said bore such that said electrical component may electrically 
communicate with said electrical connector when said portion engages said electrical 

20 connector. 
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13. The assembly as set forth in claim 4 further including a finger extending 
from said flange wherein a portion of an electrical component is complementary in 
configuration to said finger such that said electrical component may electrically 
communicate with said electrical connector when said portion engages said electrical 
5 connector. 
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